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HIGH REFRACTIVE INDEX HYDROGEL COMPOSITIONS 
FOR OPHTHALMIC IMPLANTS 



FIELD OF THE INVENTION 

The present invention relates to novel ophthalmic lens materials and a 
method for making and using the same. More particularly, the present invention 
relates to soft, optically transparent, high refractive index hydrogel materials 
particularly suited for use in the production of intraocular lenses, and a method 
for manufacturing and using the same. 

BACKGROUND OF THE INVENTION 

Since the 1940's optical devices in the form of intraocular lenses (lOLs) 
have been utilized as replacements for diseased or damaged natural ocular 
lenses, in most cases, an intraocular lens is implanted within an eye at the time 
of surgically removing the diseased or damaged natural lens, such as for 
example, in the case of cataracts. For decades, the preferred material for 
fabricating such intraocular lenses was poiy(methyl methacrylate), which is a 
rigid, glassy polymer. 

Softer, more flexible lOLs have gained in popularity in recent years due to 
their ability to be compressed, folded, rolled or otherwise deformed. Such softer 
lOLs may be deformed prior to insertion thereof through an incision in the cornea 
of an eye. Following insertion of the IOL in an eye, the IOL returns to its original 
pre-deformed shape due to the memory characteristics of the soft material. 
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SOU*, mo™ l0U a, fcst described may be implanted Wo an eye 
through an incision is ^ ^ , , |(m ^ < 0 mnv ^ ^ 
necessary for mo* rigid (0l ,. i..., 5.5 .0 8.0 mm. A larger indsion ^ 
for m o rerW1 OL,beca U se^^ mralte ^ t ^ anjnc . sjon . nth9 
cornea slightly larger than the diameter of the inflexible IOL optic portion 
According* more rigid IOL. have become less popular h „. ^ since 
larger indsion, have been found to be as3oda.eC with an inoeased inddenc, of 
postoperative complications, such as induced astigmatism. 

With recent advances in smaWndsion cataract surgery, 
emphasis has been placed on developing soft, foldable materials suitable for use 
in artificial IOU. In general, these material, fan into one of three categories: 
hydrcgels, silicones and low glass transition temperature acrySes. 

In general, high water content hydrogel materials have relatively low 
refractive indexes, making mem less desirable ten otter rnatenalswio, respect 
<o minimal incision size. l^^^i^rnateriaJs require. Wd<er(0L 
Cflfcporticntoaohi^agivenrefrac^v.power. SKcone materials may have a 
higher refractive index man hiflh^erc^ent hydros, but tend te unfold 

exp^ivelyanerb^ngplacedin^^^afc^dadposi.on Explosrve uycoTng 
can potency damage „, ^ ^ ^ ^ 

capsuleandassodatedzonules. Low glass ^sBcntemperaureaoylic 
materialsare desirable c^cause^y Really have a high refract,ve index atxl 
unfbldmo^slowlyandmore^ably^^ma^^ Unf«un a .„y. 
low glass transition temperature ac*ic materials, which comain Me or no water 
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may sbso* pocket of ^ , w ^ 

characteristic, du «»^« m pe,«u reM „^ ilyo , th980>fcpolymera 
U.S. P a l en,No.5.«0. 9S 0i„ u9<(Januav2i i^.eache.ofhi^ 
refractive index hydroge, materials having a hydrated equilibrium water content of 
atteast^foruseintnen^ac^cftOU. The high refract hoex 
hydroge, materia,, are cross*** polymer, prepared from mfcure, of* 

4-v^yrimidine and a viny, pyridtoe ^ ^ 
c^entsupto^andrefrac^va^o,,^,,,,^^^^ ^ 

lOUasoaeoribedare^impWedinahydra.edsta.e. Ratoer, l0U era 

l«>Plan.edinadry,^adande^a,ed,u ta andhv*a«ed h5jtu Tn. 
^^^^^^^^^^ 

U.S. Paten, No. 5.693.095 issued Decern^. 1997 tea^o, of 
^va^^watercontentKXmateriais. Tne materia., taug* h w , 
PWcutar patent are acryfc ™^s havi^ an etong^ „ « , east 150% 
-OL, manufac^ from a materia, having ^ e^ 8fi cn *araotari $8o3 „, ^ 

,8ar " «"* 'ow water „n,en, aoy«e 

-«* ha™ teen fou* to Pa ,e» pioo^pa^ ^ ^ ^ ^ 

hydrogel materials when manufactured into and used as 101 devices. 

SUMMARY OF THE INVENTION 

So* fOdab* hydro* ians materia., having relation water con..*, 
and unexpectedly high refract indexes pa rt cu,*y suited fc u,. as intrae^r 
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^^w. Iteratoproatheses and corneal rings or inlays, have now been discovered 

"Polymers cousin, a, ieas, ,^ m „ ^ „ ^ ^ 

-en,, ^-^^^e,™,,^^^ 

additives. 

According. „ |, «, olject rt „, ^ ^ ^ ^ ^ 
biccompatiae .OL material having a high refta*, index 

*"» otic, C .he preset ^ is (0 ^ , ^ 
""••rial having a high retractive index 

^^^P^ven^p^,^^ 
««,«*, the, ha, a high refracSve index and i, cotort*, 

Ano.herc^of^p.esen.inventcnis.opro.deahv^K,, 
materia, iha, has a Ngh refractive index M is fransparent 

M ^^ofthepresen,inv^ i5t0( ^ 
ferial that is relatively simple to manufacture 
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These and other objectives and advantages of the present invention, 
some of which are specifically described and others that are not, will become 
apparent from the detailed description and claims that follow. 

DETAILED DESCRIPTION OF THE INVENTION 

The unique hydrogel materials of the present invention maximize both 
refractive index and water content for use in the manufacture of ophthalmic 
devices such as intraocular lenses (lOLs). Typical refractive indexes for acrylic 
polymers in the absence of water are on the order of 1.48 to 1.55, depending on 
the chemical structures of the monomer or comonomers comprising the material. 
Because the refractive index of water is low, i.e., 1.33, adding water to an acrylic 
polymer or copolymer decreases the refractive index of the hydrated material 
relative to the anhydrous polymer or copolymer. For this reason, the properties 
of refractive index and water content are inversely proportional. In the present 
invention, refractive index is maximized in the presence of water, by employing 
monomers that result in the highest refractive indexes in the absence of water. 
Monomers containing aryl groups, sulfur atoms or the halogens, chlorine, 
bromine and iodine form polymers having high refractive indexes. To maximize 
water content and refractive index in the present materials, a hydrophilic 
monomer is combined with a high refractive index comonomer. It is unexpected 
that such relatively high water content materials may be successfully synthesized 
to have high refractive indexes since water generally lowers the refractive 
indexes of hydrogels. 
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The presence of water in the materials of the present invention is 
desirabl for two reasons, i.e., biocompatibility and flexibility. The presence of 
water usually renders a material more biocompatible than a corresponding 
material having no water content Polymers containing some water are less 
prone to attach to living tissue. A water content of 25% or higher is most 
desirable to prevent the attachment and proliferation of lens epithelial cells on the 
IOL implant surface. Lower water content materials are acceptable for 
applications, such as phakic lOLs where the material will not be exposed to lens 
epithelial cells. Water also acts as an internal plasticizer, which makes the 
resulting material easier to fold or deform over a broad range of temperatures. 

Materials of the present invention with high refractive indexes are also 
desirable to allow manufacturers to manufacture thinner lOLs. A thin IOL or thin 
IOL optic is critical in enabling a surgeon to minimize incision size. Keeping the 
surgical incision size to a minimum reduces intraoperative trauma and 
postoperative complications. A thin IOL is also critical for accommodating certain 
anatomical locations in the eye such as the anterior chamber and the ciliary 
sulcus. lOLs may be placed in the anterior chamber for increasing visual acuity 
in both aphakic and phakic eyes and placed in the ciliary sulcus for increasing 
visual acuity in phakic eyes. 

The preferred hydrogel materials of the present invention have the 
flexibility required to allow the same to be folded or deformed so that lOLs made 
therefrom may be introduced into an eye through the smallest possible incision. 
To achieve this flexibility characteristic, the glass transition temperature (Tg) of 
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the material is likewise of considerable importance. A glass transition 
temperature of 20 degrees Celsius or less measured by differential scanning 
calorimetry at 10 degrees Celsius per minute and determined at the midpoint of 
the transition of the heat flux curve, must be achieved in the subject materials to 
be acceptable for purposes of desirable folding of the implant . It was 
unexpected that materials could be synthesized having the desired refractive 
index, water content and glass transition temperature because many high 
refractive index monomers have bulky side-chains which restrict chain mobility 
and drastically increase the overall glass transition temperature of the copolymer. 
As a general rule, acrylates produce polymers with lower glass transition 
temperatures than the corresponding methacrylates and are therefor preferred. 
As mentioned above, the water content of the subject materials also plays an 
important role in the fbkJability and deformability of the subject material. Polymer 
flexibility was found to be proportional to water content and polymer glass 
transition temperature and refractive index were found to be inversely 
proportional to water content. Therefore, a delicate balance between water 
content, glass transition temperature and refractive index must be struck in the 
synthesis of the subject unique hydrogel materials to be suitable for use in 
ophthalmic applications. 

The novel hydrogel materials of the present invention are copolymers 
comprising only two principal monomeric components: a high refractive index 
monomer and a hydrophilic monomer. The unique characteristics of the 
materials of the present invention are achieved using a larger amount of the 
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hydrophilic monomer than that of the high refractive index monom r. 
Accordingly, it is unexpected that the relatively high water content hydrogei 
materials of the present invention would have the high refractive indexes 
achieved since water generally lowers the refractive index thereof. 

Hydrophilic monomers suitable for use in the manufacture of the materials 
of the present invention are represented by Formula I below 

0 

// 

Ri. A ORa 

II 




Formula I 



wherein R, is selected from the group consisting of hydrogen and C M alkyl such 
as for example but not limited to methyl, ethyl, propyl and butyl but preferably 
methyl for its common availability, and R 2 is selected from the group consisting of 
hydrogen, an alkali metal or an alkaline earth metal such as for example but not 
limited to sodium, potassium and magnesium, C ,4 hydroxyalkyl such as for 
example but not limited to hydroxyethyl, hydroxypropyl and hydroxybutyt, C 
hydroxyalkoxyalkyl such as for example but not limited to hydroxyethoxyethyl, 
hydroxybutoxybutyl and hydroxymethoxypropyl, C 4.12 hydroxydialkoxyalkyl such 
as for example but not limited to hydroxydiethoxyethyl, hydroxydibutoxybutyt and 
hydroxydiethoxypropyl, C 2-, 2 alkoxyalkyl such as for example but not limited to 
methoxyethyl and ethoxybutyl, C 3. 12 polyalkoxyalkyl such as for example but not 
limited to methoxyethoxyethyl, methoxyethoxybutyl, and ethoxybutoxyethyl, C 3. 15 
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polyalkoxyhydroxyalkyl such as for example but not limited to polyethylene 
glycol, polypropylene glycol and polybutylene glycol, and C 2-12 dihydroxyalkyt 
such as for example but not limited to glycerol, dihydroxybutyl and 
dihydroxyhexyl. 

Suitable hydrophilic monomers for use in the present invention include for 
example but are not limited to 2-hydroxyethyl methacrylate, hydroxyethoxyethyl 
methacrylate, hydroxydiethoxyethyl methacrylate, methoxyethyl methacrylate, 
methoxyethoxyethyl methacrylate, methoxydiethoxyethyl methacrylate, 
polyethylene glycol) methacrylate, methoxy-poly(ethylene glycol) methacrylate, 
methacrylic acid, sodium methacrylate, glycerol methacrylate, hydroxypropyl 
methacrylate, and hydroxybutyl methacrylate. 

The preferred hydrophilic monomer is 2-hydroxyethyl methacrylate 
(HEMA) to maximize water content 

High refractive index monomers suitable for use in the manufacture of the 

materials of the present invention are represented by Formulas II through IV 

0 

below, || 



OR4 



C 

II 



H 




Formula II, 
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II 
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Formula III, and 
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H H 
Ra H 



Formula IV, 

wherein R3 is selected from the group consisting of hydrogen and C ,« alkyl such 
as for example but not limited to methyl, ethyl and propyl but preferably hydrogen 
and methyl for common availability, R4 is selected from the group consisting of C 
us aryl such as for example but not limited to phenyl and diphenyl, C e-z 
hydroxyaryl such as for example but not limited to hydroxyphenyl and 
hydroxydiphenyl, C *as aryloxyaryl such as for example but not limited to 
phenoxyphenyl and diphenoxyphenyl, C 12.2s polyhydroxyaryl such as for 
example but not limited to pdyhydroxyphenyl and polyhydroxydiphenyt, C 1M8 
polyaryl such as for example but not limited to diphenyl and triphenyl, C 5. 15 
arylalkyl such as for example but not limited to benzyl, 2-phenylethyl and 3- 
phenylpropyl, C 12-35 polyarylalkyl such as for example but not limited to 
diphenylmethyl, diphenylethyl, diphenylpropyl and triphenylmethyl, C 
alkoxyaryt such as for example but not limited to 4-methoxyberuyl, 4- 
ethoxybenzyl and 4-butoxybenzyl, C $.,$ aryl halides such as for example but not 
limited to pentabromophenyl, pentacWorophenyl and tribromophenyl, C e. 15 
aryloxyalkyl such as for example but not limited to 2-phenoxyethyl, 3- 
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"omlhe group consisting of hydrooan r 

limited to methyl and propyl 8 ndC. .im . 

P opy., and C „ s alkyla^ euch ae for example but not 

Su^^^.^^^^ 
^ „ pt^y, aoyla( , ^ ^ ^ 

^^^ac^e,^^ 

-.^me^te.^^ ^ ^ 
J^nzyto^^,,, 

cn,orop t ^ tMme ^ te2 ^^^^ 2 • 
Phenoxye^ ^ ^ 

^^e.^a^d,^^^ 



11 



WO 00/34804 



PCT7US99/26678 



acrylamide, EiJ-dibenzyl methacrylamide, B-diphenylmethyl acrylamide, /J-(4- 
methylphenyljmethyl acrylamide, £J-1-naphthyl acrylamide, fJ-4-nilrophenyl 
acrylamide, JH2-pheny1ethyl) acrylamide, tf-triphenylmethyl acrylamide, 8-{4- 
hydroxyphenyl) acrylamide, N^-methylphenyl acrylamide, ^-phenyl 
phenylethyl acrylamide. Jj-diphenylmethyl methacrylamide, JH4-methyl 
phenyl)methyl methacrylamide, JJ-1-naphthyl methacrylamide, U-4-nitrophenyl 
methacrylamide, £H2-phenylethyl) methacrylamide, ii-triphenylmethyl 
methacrylamide, ^-(4-hydroxyphenyl) methacrylamide, ft£i-methylphenyl 
methacrylamide, N,N>phenyl phenylethyl methacrylamide, N-vinylcarbazole, 4- 
vinylpyridine, 2-vinylpyridine, styrene, 2-chlorostyrene, 3-chtorostyrene, 4- 
chlorostyrene, 2-bromostyrene, 3-bromostyrene, 4-bromostyrene, 2,6- 
dichlorostyrene, 2-iodostyrene, 3-iodostyrene, 4-iodostyrene, 
pentabromostyrene, 4-phenylstyrene, 1-vinylnaphthalene, 2-vinylnaphthalene, 9- 
vinylanthracene and 4-phenoxystyrene. 

Preferred high refractive index monomers for use in the present invention 
indude phenyl methacrylate, benzyl acrylate, benzyl methacrylate, 2-phenylethyl 
acrylate, 2-phenylethyl methacrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl 
methacrylate, 2,3-dibromopropyl acrylate, fl-benzyl methacrylamide, £J- 
vinylcarbazole, 2-phenylthioethyl acrylate and 2-phenylthioethyl methacrylate to 
achieve the unexpectedly high refractive index hydrogel materials of the present 
invention which are both flexible and biocompatible. 

The materials of the present invention are copolymers comprising a total 
of at least approximately 70 but more preferably approximately 70 to 90 but most 
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Hydrogel compositions of the oresenMn^n,.,. • . 

P re sent invention include for example but 
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hydroxyethyl methacrylate<o-N^ w *^ 2 " 
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poly(hydroxyethoxyethyl methacrylate-c$-benzy1 methaoylate), 
poWhydroxyethoxyethyl rnethaotf ate-c$-2-phenylethy1 aoylate), 
poly(hydroxyethoxyethyl methacrylate-02-2-phenyiethyl methacrylate), 
poly(hydroxyethoxyethyl methacrylate-w-2-phenoxyethyl aoylate), 
poly(hydroxyethoxyethyl methacrylate^o-2-phenoxyothyl methacrylate), 
poly(hydroxyethoxyethyl rnethacrylate-£s-2,3-dibromopropyl acrylate), 
poly(hydroxyethoxyethyl methacrylate-co-N-benzyl methacrylamide), 
poly(hydroxyethoxyethylmethacrylate-^fi.vinylcarba20le) 1 
poly(hydroxyethoxyethyl methacrylate-co-2-phenylthioethyl methacrylate), 
poly(hydroxyethoxyethyl methacrylate-c5-2-phenylthioethyl acrylate), 
poly(hydroxydiethoxyethy1 methacrylate-cai>henyl methacrylate), 
poly(hydroxydiethoxyethyl methacrylate-co-benzyl acrylate), 
por/(hydroxydiethoxyethyl methacrylate-a-benzyl methacrylate), 
poly(hydroxydlethoxyethyl methacrylate-cs-2-phenylethyl acrylate), 
poly(hydroxyd«ethoxyethyl methacrylate-co-2-phenylethyl methacrylate), 
poly(hydroxydiethoxyethy1 methacrylate-<s-2-phenoxyethyt acrylate), 
poly(hydroxydiethoxyethy1 methacrylate^2i*enoxyethyl methacrylate), 
poly(hydroxydlethoxyethyJ rnethacrylate^2,3^bromopropyl acrylate), 
pory(hydroxydlethoxyethyi methacrylate^U-benzyi methacrylamide), 
POly(hydroxydiethoxyethy1 meth^ 

poly(hydroxydiethoxyethyt methacrylate-cfl-2-phenylthioethyl acrylate), 
poly(hydroxydlethoxyethyl methacrylate-cc^phenylthioethyt methacrylate), 
poly(methoxyethyl methacrylate-co-phenyl methacrylate), poly(methoxyethyl 
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melhaoylate^benzyl acrylate), poly(methoxyethyl rnethaoyiate-cs-benzyl 
methacrylate), pdy(methoxyethyl methacrylate^s-2-phenylethyl acrylate), 
poltfrrathoxyethyl methacfylate-^-phenylethyt methacrylate), 
poly(methoxyethyl methacrytate^^enoxyethyl acrylate), poly(methoxyethyl 
methacrylate^-2-phenoxyethyl methacrylate), poly(methoxyethyl methacrylate- 
cs-2,3-dibromopropyl acrylate), poly(methoxyethyl methacrylate-c^N-benzyl 
methacrylamide), poly(methoxyethyl methacrylate-TO-N-^nylcarbazole), 
poly(methoxyethyl methacrylate-co-2-phenylthioethyl acrylate), 
poly(methoxyethyl methacrylate^o-2-phenylthioethyl methacrylate), 
poly(methoxyethoxyethyl methacrylate-ccrphenyl methacrylate), 
poly(methoxyethoxyethyl methacrylate-cs-fcenzyi acrylate), 
poly(methoxyethoxyethyl methacrylate-cg-benzyl methacrylate), 
POly(nrethc*yethoxyethyl.m^^ 

poly(methoxyethoxyethyl methacrylate^s-2^)henylethyl methacrylate), 
pdy(methoxyethoxyethyl methacrylato^-2-phenoxyethyl acrylate), 
poly(methoxyethoxyethyl methacrylate-co-2-phenoxyethyl methacrylate), 
poly(methoxyethoxyethyl methacrylate^-2,3-dibromopropyl acrylate), 
poly(methoxyethoxyethyl methacrylate-sp^-benzyl methacrylamide), 
poly(methoxyethoxyethylmethacrylate-c5-iJ.vlnylcarba20le), 
poly(methoxyethoxyethyl methacrylate-co-2-phenylthioethyl acrylate), 
poly(methoxyethoxyethyl methacrylate-c5-2-phenylthioethyl methacrylate), 
poly(methoxydiethoxyethyl methacrylate-c^phenyl methacrylate), 
poly(methoxydiethoxyethyl methacrylate-co-benzyl acrylate), 
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poly(methoxydiethoxyethyt methacrylate-c£-benzyt methacrylate), 
poly(methoxydiethoxyethyl nrathacrylate-$2-2-phenylethyl acrylat ), 
poly(methoxydiethoxyethyl methacrylate-c£.2-phenylethyl methacrylate), 
poly(methoxydiethoxyethyl methacrylate-c2-2-phenoxyethyl acrytate), 
poly(methoxydiethoxyethyl methacrylate-ca-2-phenoxyethyl methacrylate), 
poly(methoxydiethoxyethyl methacfylate-co-2,3-dibromopropyl aaylate), 
poly(methoxydlethoxyethyt methacrylate-02-N-benzyl methacrylamide), 
poly(methoxydiethoxyethylmethacfylate-^-^-vinylcarbazole), 
poly(methoxydiethoxyethyl methacrylate-co-2i5henyllhioethyl acrylate), 
poly(methoxydiethoxyethyl methacrylate-co-2-phenylthioethyf methacrylate), 
poly(poly(ethylene glycol) methacrylate-co-phenyl methacrylate), 
poly(poly(ethylene glycol) methacrylate-co-oenzyl acrylate), pdy(poly(ethylene 
glycol) methacrylate-22-benzyl methacrylate), poly(poly(ethylene glycol) 
methacrylate^g-2-phenylethyl acrylate), poly(poly(ethylene glycol) methacrylate- 
c^-2-phenylethyl methacrylate), poly(poly(ethylene glycol) methacrylate-22-2- 
phenoxyethyl acrylate), poly(poly(ethylene glycol) methacrytate-^-2- 
phenoxyethyl methacrylate), poly(poly(ethylene glycol) methaaylate-aa-2,3- 
dibromopropyl acrylate), pory(pofy(ethylene glycol) methacrytate-^-fl-benzyl 
methacrylamide), pory(poly(ethytene glycol) methacfylate-c^-vinylcarbazole), 
poly(poly(ethylene glycol) rnethacrylate-a-2-phenylthioethyl aaylate), 
poly(poly(ethylene glycol) methacrylate-c2-2-phenylthloethyl methacrylate), 
poly(methoxy-poly(ethylene glycol) methacrylate-co-phenyl methacrylate), 
poly(methoxy-poly(ethylene glycol) methacrylate-co-oenzyl acrylate), 
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poly(methoxy-poly(ethy1ene glycol) methacrylate-sa-benzyl methacrylate), 
pctymethoxy-poly(ethylene glycol) methacfylate^-2-phenylethyl acrylate), 
poly(methoxy-poly(ethytene glycol) methacrylate^2-phenylethyl methacrylate), 
poly(methoxy-poly(ethylene glycol) methacrylate-co-2-phenoxyethyl acrylate), 
poly(methoxy-poly(ethylene glycol) methacrylate-co-2-phenoxyethyl 
methacrylate), poly(methoxy-poly(ethylene glycol) methacrylate-C2-2 1 3- 
dibromopropyl acrylate), porflmethoxy-polyfethylene glycol) methacrylate-co-N- 
benzyl methacrylamide), poly(methoxy-r^ly(ethylene glycol) methacrylate-co-N- 
vinylcarbazole), poly(methoxy-poly(ethyfene glycol) methacrylate-co-2- 
phenylthioethyl acrylate), poly(methoxy-poly(ethylene glycol) methacrylate-co-2- 
phenylthioethyl methacrylate), poly(methacrylic add-cs-phenyl methacrylate), 
poly(methacrylic acid-co-benzyl acrylate), poly(methacrylic acid-co-benzyl 
methacrylate), poly(methacrylicacioNc£-2-phenylethyl acrylate). poly(methacrylic 
add-co-2-phenylethyl methacrylate), poly(methacrylic add-co-2-phenoxyethyl 
acrylate), poJyfmethacrylic add-cg-2-phenoxyethyl methacrylate), 
poly(methacrylic add-^2,3-dibromopropyl acrylate), poly(methacryllc add-co-N- 
benzyl methacrylamide), poly(methacrylic add-c^-N-vinylcarbazole), 
poly(methacrylic add-co-2-phenylthioethyl acrylate), pory(methacryllc add-c£-2- 
phenylthioethyl methacrylate), po(y(sodium methacrylate-C£-phenyl 
methacrylate), pory(sodium methacrytate-co-benzyl acrylate), poly(sodium 
methacrylate-sg-bervzyl methacrylate), poly(sodium methacrylate-co-2- 
phenylethyl acrylate), poly(sodium methacrylate-cs-2-phenylethyl methacrylate), 
poly(sodium methacrylate-co-2-phenoxyethyl acrylate), poly(sodium 
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poly(sodium melhaoylate^.2 3- 
dibromopropyl eaytote). po«so<Jum melhaayiai^H^ 

PhenyBhioe.hy.me.haayla.e), POMglyceral mett^a.^ph.ny, 

-We), p^lyce* m.^,^^ aoyta(9) 

™lha«y.at»*H«nzyl methaayte..), poM 9 V»ro. matt^a^. 

■*«*-* aay,a,e>. po*^ n^ate^*^ 
PO^yce™, methac^^^xye^ ac ^ ate) 
-.nac^e^a^ 

^bromoprapy, acylate). poMB*** malhacrylal^^ 
— POMO^ ma^a,^.^^.,, 

Pt-nylth.oe.hy. mwhaoylata). Pe«hy<tayp^ n « ha ^ a , ft4!H) ^ 

mamaCn " at0) ' P°wny*»»yp™py1 ™theay.ate^ ft *enzy. aayWe) 
POMhydro^ -netoaayfete^enzy, p,*,^^ 

"^-^^^ ^^.y.xocy.nemaay.a,^. 
Phenyl n^e^,, p**,,*,^ ^^.^^ 

«■*«•>. PcWhya™^ me^,^^^^ 
POMhydnoxypropy, n^lhac^ate^^lbromopmpyl achate,, 
PeWvdroxypropy. methacy.a.e^m.enzy. ■rcthac^amHe,, 
PoMhyota.ypropy, ml*********** poly(hy4o)wopy| 
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2-phervlihioethylmelhaoylale), poWhydroxytMyl iwlhacrylate^iwhenyl 
methacrylate), polyfhydroxybulyl methaoytate^xHJenryl acrylat.). 
poltfhydroxybw metha^t^anzy, nWhaaytate), poMhyaYoxybu*. 
mett»oy l a.e^2 i)t »nyWh»( aoytale), poWhydroxyfcutyl methacn/late^*. 
pnenytethyl methane), pcWydroxybutyl methacrylate^-phenoxyethyl 
aoylate), poWhyoYoxybuW methaoyla.e«.2^*»noxyetf l yl methacrylate). 
P'Whydraybutyl rr»i^^ 

poWhydroxybutyl methacorlate^en* nwhaoy^ide). pottfhydroxybutyl 
mfflhaoylate^ li ^ ny ie art>a20( e ) , poWhydroxybutyl methaayiatMs-J- 
Phenytf.ice.hy! aoytate) and poMhydroxybu*. n-mac^e^*^^ 

methacrylate). 

Preferred hydrogel compositions of the present invention include poly(2- 
hydroxyethyl methacrylate^phenyl methacrylate), poly(2*ydroxyethyl 
meth^crylate^nzylacrylate,, POly(2^ydroxyethylmethacrylate^n^ 
methacrylate), ^-hydroxyethyl methacrylat^^yiethyl acrylate), 
poly(2-hydroxyethyl methacrylate^-2-phenylethyl methacrylate), poly(2- 
hydroxyethyl methacry.ete^2-phenoxyethy. acrylate), poly(2-hydroxye^y. 
methacrylate^o-2-phenoxyethyl methacrylate), poly(2-hydroxyethyl 
methacfylate^-ii^enzyl methacrylamide) and poly(2*ydroxyethyl 
methacrylate^-^nylcarbazole) to achieve the unexpectedly high refractive 
index hydrogel materials of the present invention which are both flexible and 
biocompatible. 
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The subject hydrogel materials are synthesized by polymerizing one or 
more of the above-described hydrophilic monomers with one or more high 
refractive index monomers, most preferably having phenyl, sulfur or halogen 
moieties, in the presence of at least 0.01 but more preferably 0.01 to 2.0 mole 
percent crosslinker, at least 0.02 but more preferably 0.02 to 2.0 weight percent 
initiator and optionally at least 0.1 but more preferably 0.1 to 2.0 weight percent 
ultraviolet light absorber. 

Suitable crosslinkers include for example but are not limited to ethylene 
glycol dimethacrytate, diethylene glycol dimethacrylate, Methylene glycol 
dimethacrytate and polyethylene glycol) dimethacrylate wherein ethylene glycol 
dimethacrylate is preferred. Suitable initiators include for example but are not 
limited to azobis(isobutyronitrile), 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'- 
azobis(rnethylbiJtyronitrile), 1 , 1 ^azctts (cyancx^ohexane), dM-butyl peroxide, 
dicumyl peroxide, t-butylcumyl peroxide, 2,Wimethyl-2 1 54)is(2-ethylhexanoyl 
peroxyjhexane, t-butyl peroxyneodecanote, t-butyl peroxy 2-ethyihexanoate, 
di(4-t-butyl cyclohexyl) peroxydicarbonate, t-butyl peroxypivalate, decanoyl 
peroxide, lauroyl peroxide, benzoyl peroxide, 2,4-pentanedione peroxide, di(n- 
propyl) peroxydicarbonate, t-amyl peroxyneodecanoate and t-butyl peroxyacetate 
wherein 2^-azc>bis(isobutyronitrile) is preferred. Suitable ultraviolet light 
absorbers include for example but -are not limited to beta-<4*enzotriazoyl-3- 
hydroxyphenoxy)ethyl acrytate, 4^2.acrvtoxyethoxy)-2-hyto + 
methacryloxy-2-hydroxybenzophenc)ne,2-(2 , -methacryloxy-5•. 
methylphenyObenzotriazole^^'-hydroxy-S'-methacryoxyethylphenylJ^H- 
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*nzo<Haz=*. 2^-e^ 

ehlorob^owazole, S^^^^^^p^^.. 
hydroxyphenyl^tlwxybenzolriaole. 2^A«y«y 1 y*Qxy.y. 

2-^^3-^acn^^po^p,^,^^^ ^ 
light absorber. 

The subject hydnoge. materials ^ a refract index of app^ximately 
l^orcreaterandap^e^ta^^^^^^^^ 

^ Abbe refractometer at 589 nm and 37 degrees Celsius with a sodium light 
source are descnbed in still greater dew m the example, tha, fellow. 

EXAMPLES 

Exampl ' 1: Monomer, and Purification Thereof 
HEr^ofl^ac^inhMor^a^ 
Research and Development, Sarasofc, FWda and was used v^hou, Mher 
P«ca«on. ^-n^ngac^atesandmetha^swereo^,,,, 
purified as indicated below. 



23 



WO 00/34804 



PCT/US99/26678 



2-phenoxyethy! methacrylate 
(POEMA) 

2-phenylethyl methacrylate 
(PEMA) y 

2-phenoxyethyl acrylate 
(POEA) 

2-phenylethyl acrylate 
(PEA) 



Sourcf 

Sartomer 

West Chester, PA 

Polysaences 
Warrington, pa 

Polysaences 
Warrington, PA 

Polysaences 
Warrington, PA 




Ethylene glycol dimethaoylate (EGOMA, Sartomer, 



crosslink* was extracted with aqueous NaOH 
use and azoblsflsobiityr^triie) (AI6N) initiator 
Polysaences. 



None 



Percolation through 
"eutral alumina 

Percolation through 
°esic alumina 



West Chester, PA) 



and distilled from CuCI- 



'2 Pnor to 



was used as received from 



Example* Polymer Synthesis 

HEMA and each comonomer 
mole ratios. 



were combined in flasks in the following 



90/10 

85/15 

80/20 

75/25 

70/30 

65/35 

60/40 
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Enough EGDMA croMHnta- was added lo oomprise 0 25 „*. 

winpnsa u.25 mole percent of total 
molMofHEMAanacomonomsf Th.. w»«oftot«l 

was effected for approximately 22 to 26 ho.,r« k. . 

X 10 26 hours ^ most preferably 24 hours in a 

diamond-turning lathe. 



Examples: Polymer Characterize 



one 



*flrae« Celsius, Uuda MooelRMM q • ,. ™°«37 

New York. Tha .n,, W 9slDuy , 

wew York. The masses of the disks were rh«^^ . 

"Wipe •^^e. RMW1) , Gew8iaiand 
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Scientific lnstru,nents, Buffalo, New York, maintained at 37 degr es Celsius. 
The samples were then dried in a forced-air oven at 120 degrees Celsius for 
approximately 18 to 30 hours, but more preferably 24 hours and reweighed to 
0.0001 g. 

The equilibrium water content (EWC) for each disk was determined using 
the following equation. 



EWC, % = Mass fhvdrated) - Mass rdehvdratad) x 100 

Mass (hydrated) 

The average refractive index and standard deviation were calculated for each 
composition. The Shore D hardness of non-hydrated HEMA/POEA copolymer 
compositions was determined at room temperature with a hand-held durometer. 
The average hardness and standard deviation was determined from ten 
measurements of each composition. 

Example 4: Polymer Study Results 

Three of the four groups of polymers had good optical clarity. HEMA/PEA 
polymers had a considerable amount of haze, yet the refractive index could be 
determined. HEMA/POEA and HEMA/PEA polymer series were flexible and 
foldable at all formulations studied. Flexibility increased slightly with increasing 
water content HEMA/POEMA and HEMA/PEMA polymers were flexible and 
foldable only in the cases of the highest water-containing compositions. 
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^^^^^temperatore. Haaarspedmens 
'..toosewithtn^stHEMAeon^ 

b** Both HEMA/methacryfate polymer series remained hard with increasing 
methacrylate content 



TABLE 1. Shore D Hardness of HEMA/POEA 
Xerogel Compositions 

HEMA/POEA 
90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 




78 +/- 
76 +/- 



E^um W a,e,conWendr e *a*e»«exres ull sa«p,, 5wlteabl 

™««3b*« Fora^massofHEMAandco^nomer the 
^"^^^^^^^^^ 

PnenyJ monomer was as follows. 



PEMA > POEMA > PEA > POEA 
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The refractive index of each composition was more dependent upon water 
content than phenyl-containing comonomer. However, per given mass of HEMA 
and comonomer, the acrylic compositions contained more water than the 
methacrytate compositions. Accordingly, hydrogels with refractive indexes above 
1.5 are obtainable by copolymerizing HEMA with phenyl-containing acrylic 
monomers. 
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TmALE 2. Equilibrium Water Content (EWC) Results 
F r HEMA Copolymers 



Mole Ratio 

HEMA/comonomer 

fmol/mol) 

90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 



COMONOMER 
SQm EE!A POEA pea 

EWC % EWC.% EWC,% EWC % 
+/- stri de +/. stddQV +;.«mh 6v Jr^* 

22.42+/- .01 22.75+/-.04 24.43+/-.05 24.79+/-.01 
18.21+/-.02 18.5U/-.03 20.67+/-.04 21.08+/-.03 
15.11+/..03 15.42+M5 17.70+/-.O2 18.04+/-.02 



12.74+/-.07 12.80+/-.09 15.19+/-.08 15.55+/- 



02 



10.90+/-.21 10.63+/-.10 13.21+/-.03 13.30+/-.03 



9.53+/-.19 9.05+/-.20 11.45+/-.04 11.45+/. 



03 



8.39+/-.08 7.58+/-.04 9.97+/-.06 9.73+/- 



02 
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CONTINUED 



COMONOMER 

Mole Ratio fi5E * ! ^ 5^ PMA**** rm Mm 

HEMA/comonomer EWC. % ewc cuu/s 

fmol/mon EV»C% EWC.% EWC, % EWC, % 



95/5 

90/10 

85/15 

80/20 

75/25 

70/30 

65/35 

60/40 



OBPA 

BA 

BMA 

PMA 

BMAAM 



30.0 29.1 28.8 28.8 
22-5 24.9 23.0 



15.4 15.4 
13.8 13.3 



11.3 
10.1 



NO 
NO 



NO 



2,3-dibromopropyl acrylate 
benzyl acrylate 
benzyl methacrylate 
Phenyl methacrylate 
benzylmethyl acrylamide 



31.5 

231 27.8 



19.8 21.0 18.7 184 
17.7 18.2 15.3 



23.8 

15.3 22.2 



127 12.8 
10.5 
NO 



19.5 



110 NO 
ND NO 



ND NO 
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TABLE 3. Refractive Index (Rl) Results 
F rHEMAC polymers 



COMONOMER 



Mole Ratio 

HEMA/comonomer 

fmol/mo>) 

90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 



■PQEM PEM 



1.4732 
+/-.0003 

1.4847 
+/-.0002 

1.4940 
+/-.0001 

1.5021 
+/-.0004 

1.5094 
+/-.0009 

1.5152 
+/-.0010 

1.5204 
+/-.0002 



1.4727 
+/-0003 

1.4844 
+/-.0001 

1.4941 
+/-.0003 

1.5019 
+/-.0004 

1.5094 
+/-.0006 

15151 
+/-.0002 

1.5206 
+/-.0002 



POEA 


PEA 


Rl 


Rl 


'■ +/- sfd, r 


IfiV -4»/_ ef/J Mm*** 


1.4676 


1.4671 


+/-.0003 


a./ AAAi 

+/-.UUU 1 


1.4771 


1.4770 


+/-.0002 


+/-.0004 


1.4853 


14853 


+/-.0002 


+/-.0001 


1.4927 


1.4923 


+/-.0003 


+/-.0002 


1.4990 


1.4991 


+/-.0002 


+/-.0001 


1.5049 


15050 


+/-.0001 


+A.0001 


1.5104 


1.5107 


+/-.0002 


+/-.0003 
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TABLE F Sfilffi'^W**** 
r rHEMA Copolymers 
CONTINUED 



COMONOMER 



Mole Ratio 

HEMA/comonomer 

fmol/moi) 

95/5 



90/10 

85/15 

80/20 

75/25 

70/30 



DBP/ 
Rl 

1.4594 

1.4694 

1.4760 

1.4813 

1.4856 

1.4933 



BA 



£MA BMAAHj 

W » W RJ 

1-4582 1.4593 1.4594 1.4526 

1.4685 1.4741 1.4737 1.4625 

1-4785 1.4858 1.4870 1.4 727 



14862 1.4954 1.4971 1 
1-4945 1.5041 1.5072 1. 



4801 



4891 



1-5020 1.5119 1.5125 



NO 
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lOLs manufactured using the hydrogel materials of the present invention can be 
of any design capable of being rolled or folded into a small cross section that can 
fit through a relatively small incision, i.e., 4.0 mm or less. For example, lOLs can 
be of a one-piece or multipiece design, and comprise optic and haptic portions. 
The optic portion is that portion which serves as the lens and the haptic portions 
are attached to the optic portion to hold the optic portion in proper alignment 
within an eye. The haptic portions may be integrally formed with the optic 
portion in a one-piece design or attached by staking, adhesives or other methods 
known to those skilled in the art in a multipiece design. 

The subject lOLs may be manufactured to have the optic portion and the 
haptic portions made of the same or different materials. Preferably, in 
accordance with the present invention, the optic portion and the haptic portions 
are made of the same high-refractive index hydrogel material. However, the 
optic portion and the haptic portions may also be manufactured from different 
compositions and/or different formulations of the same composition as described 
in detail in U.S. Patent Numbers 5, 217,491 and 5,326,506, each incorporated 
herein in their entirety by reference. Once the particular hydrogel composition is 
selected, the material is cast in the form of rods and lathed into disks. These 
disks are then machined into lOLs. The lOLs are then cleaned, polished, 
packaged and sterilized by customary methods known to those skilled in the art 
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In addition to lOLs, the materials of the present invention are also suitable 
for use as other ophthalmic devices such as contact lenses, keratoprostheses, 
capsular bag extension rings, corneal inlays, corneal rings or like devices. 

lOLs manufactured using the unkjue materials of the present invention are 
used as customary in the field of ophthalmology. In a surgical procedure, an 
incision is placed in the cornea cf an eye, most commonly the natural lens of the 
eye is removed and the IOL manufactured from materials of the present invention 
is inserted into the posterior chamber cr lens capsule of the eye prior to closing 
the incision. 

While there is shown and described herein certain specific structures and 
compositions of the present invention, it will be manifest to those skilled in the art 
that various modifications may be made without departing from the spirit and 
scope of the underlying inventive concept and that the same is not limited to 
particular structures herein shown and described except insofar as indicated by 
the scope of the appended claims. 
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I claim: 

1. A hydrogel composition comprising: 
a high refractive index monomer; 

a hydrophilic monomer present in said composition in an amount greater than 
that of said high refractive index monomer; 
a crosslinker, and 
an initiator; 

whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1.45 or greater. 

2. The hydrogel composition of daim 1 wherein said composition includes an 
ultraviolet light absorbing material. 

3. The hydrogel composition of claim 1 wherein said composition includes an 
ultraviolet light absorbing material selected from the group consisting of beta- 
(4^nzotriazoyl-3-hydroxyphenoxy)ethyl aoytate, 4-{2-acry1oxyethoxy}-2- 
hydroxybenzophenone, 4wr»thacryloxy-2^ydroxybenzophenone, 2-<2*- 
methacryloxy^'wnethylphenyljberizotriazole, 2-(2 , -hydroxy-6'- 
metrracryoxyemylphenyl)-2H4»rizoW^ 
methacyloyloxypropyl)prienyl}^<hlorob^ 
dimethylvinylsilylpropoxy)-2'4iydroxypte 
Ally^2*4iydroxy^'^ethylphenyl)bera 

(3"wnethacryloyloxypropoxy)phenylI-5-methoxybenzotriazole and 2-{3'-tert- 
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chtorobenzotriazofe. 



absorbing material, 
peroxyacetate. 



«obis(isobutyronitrile). 



7. ^-^-^I^*.^^,^ 
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dimethacryiote, Methylene glycol dimethacrylate and polyethylene glycol) 
dimethacrylate. 



8. The composition of claim 1 wherein said crosslinker is ethylene glycol 
dimethacrylate. 

9. The composition of daim 1 wherein said hydrophilic monomer is a 
monomer represented by the formula 

0 

II 

R,. ORa 

II 




wherein Ri is selected from the group consisting of hydrogen and C alkyl and 
Ra is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C i-a hydroxyalkyt, C 4-12 hydroxyalkoxyalkyl, C 4.12 
hydroxydialkoxyalkyl, C 2.12 alkoxyalkyl, C 3.12 polyalkoxyalkyl, C 3.1s 
polyalkoxyhydroxyalkyl and C 2.12 dihydroxyalkyl. 

10. The composition of claim 1 wherein said hydrophilic monomer is selected 
from the group consisting of 2-hydroxyethyl methacryiate, 
hydroxyethoxyethyi methacryiate, hydroxydiethoxyethyl methacryiate, 
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mett»xyelhyc methaoylate, melhoxyethoxyethyl methaoytal., 

metoaoyia... *c*a meinae^,,, nydra<yproo>( TOB)aay(ale ^ 
hydroxybutyl methacryfate. 



11. ^"^onofc. ai m1*hereln«i dhy ^ licmonomer|32 . 
hydroxyethyl methacrylate. 



12. The compose of da,m 1 wherein said high refract .VxJex monomer isa 

monomer represented by one of the formulas 
0 



0 

OR4 R3 

C 



5 ^* 

H H 

/ \ 

herein R3itsetoc^ from (he^oupconsisfing of hydrogen 



andCi.,alkyl,R< 

.sse l ec te <.*c 1 , l hec^eon S istin 8 ofC„a^,c„hyd n » y ,^ Cm5 
af/toW ' C - ■**■•*■»■* C .^polya*. C ^ c )Ms 
PWM. , C M *pn C^haHde,, c ^ 

hahdes, C „, arylthioalkyl, C „. a^oxyalkyl halides and C 

and R, i, se.ec.ed from ft. „ hyttogm 
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C 14 alkyt and v, «-is alkylaryl. 

13. The composition of claim 1 wherein said high refractive index monomer is 
selected from the group consisting of phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenylethyl 
methacrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, 
phenylthioethyl acrylate, phenylthioethyl methacrylate, 2,4,6-tribromophenyl 
acrylate, 2,4,6-tribromophenyl methacrylate, pentabromophenyl acrylate, 
pentabromophenyl methacrylate, pentachlorophenyl acrylate, 
pentachlorophenyl methacrylate, 2.3-dibromopropyi acrylate, 2,3- 
dibromopropyl methacrylate, 2-naphthyl acfylate, 2-naphthyl methacrylate, 4- 
methoxybenzyl acrylate, 4-methoxybenzyl methacrylate, 2-benzyloxyethyj 
acrylate, 2-benzyloxyethyl methacrylate, 4-chlorophenoxyethyl acrylate, 4- 
chlorophenoxyethyl methacrylate, 2-phenoxyethoxyethyl acrylate, 2- 
phenoxyethoxyethyl methacrylate, fl-phenyl acrylamide, ^-phenyl 
methacrylamide, Ji-benzyl acrylamide, M-benzyl methacrylamide, fljj- 
dibenzyl acrylamide, N.^-di benzyl methacrylamide, N-diphenylmethyl 
acrylamide, N-<4-methylphenyl)methyl acrylamide, JH-1-naphthyl acrylamide, 
N-4-nitrophenyl acrylamide, fcK2-phenylethyl) acrylamide, N-iriphenylmethyl 
acrylamide, ^-{4-hydroxyphenyl) acrylamide, fi,£i-methylphenyl acrylamide, 
li,t(-phenyl phenylethyl acrylamide, ii-diphenylmethyl methacrylamide, N-(4- 
methyl phenyl)methyl methacrylamide, ti-1-naphthyt methacrylamide, N-4- 
nitrophenyl methacrylamide, £J-(2-phenylethyl) methacrylamide, U- 
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•W-M matnaayiamide, IH^yd™^, methac^* m . 
memy^ TOIhaaylanlide , m ^ lnethaay(amW9 ^ 

vin^cartazo. . ^pyridin.. styraw ^ 

S^^ne. 3*0™,^, «. 
fomotfyrana, 2,W,*.o ro5t yran* 2 ** styrene , ^ M(yrena ^ 
^^pemab^mo,^, ^yi^ . Wnylnaphthalene 2 . 
*Wnaphthale™, 9-v^anthrac.me and 4** 1 anoxya yn »». 

composition. 



15. The^cnofo.a,. 1 ^in^^^^^^ 
^Mroph» l c m ono nW c, I ^ Map ^ t9|y75pere ^ bywejghtof 
said composition. 



16. A ™'-POM2^,^ TO ^ at ^^ me ^ 8(8) 

18. A composition poiy(2-hydroxyetftyl mathacryiate-co^benzyj mothacryiata). 

19. A compos P^ydro^hy, -naihaoyiate^^^ 
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20. A composition poly(2-hydroxyethyl methacrylate-c2-2-phenylethyl 
methacrylate). 

21. A composition poly(2-hydroxyethyl methacrylate-co-2-phenoxyethyl 
acrylate). 

22. A composition poly(2-hydroxyethyl methacrylate-co-2-phenoxyethyl 
methacrylate). 

23. A composition poly(2-hydroxyethyl metriacrylate-co-ft-benzy! 
methacrylamide). 

24. A composition poly(2-hydroxyethyl methacrylate^iHnylcarbazole). 

25. A medical device manufactured from a composition comprising: 
a high refractive index monomer; 

a hydrophilic monomer present in said composition in an amount greater than 
that of said high refractive index monomer; 
a crossiinker; and 
an initiator; 

whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1 .45 or greater. 



41 



WO 00/34804 



PCT/US99/26678 



26. The medical device of claim 25 wherein said composition includes an 
ultraviolet light absorbing material. 

27. The medical device of claim 25 wherein said composition includes an 
ultraviolet light absorbing material selected from the group consisting of beta- 
(4-oenzotriazoyl-34)ydroxyphenoxy)ethyl acrylate, 4^2^acryloxyethoxy)-2- 
hydroxybenzophenone, 4-methacryloxy-2-hydroxybenzophenone, 2-i2"' 
methacryloxy-5'-methylpheny1)DeiTO^ 
methacryoxyethylphenvl^2H^nzo^ 

methacyloyloxypropyl)phenylj-5<^l<xobenz 2-(3 , -tert-Butyl-5 , -(3. 
dimethylvinylsilylpropoxy^ 

AllyW^hydroxy-S'-methylphenyQ^ 

(y-methacryloyloxyprc>poxy)phenylJ-S^eth^ and 2i3'-lQrt- 

Butyl^ydroxy^S^methacrytoyloxy^^ 

chlorobenzotriazole. 

8. The medical device of daim 25 wherein said composition includes beta-<4- 
benzotriazoyl^hydroxyphenoxy)-ethyl acrylate as an ultraviolet light 
absorbing material. 

9. The medical device of daim 25 wherein said initiator is selected from the 
group consisting of azobis(isobutyronitrile), 2,2'-azobis(2,4- 
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vob^cyanee^n.,, o^y, „, ^ p^, 
peroxkf .2.«ime%|.2,W i! (2 <l h y ihexan<^ ra(( , )hai(an9 , | . 
Mylperoxy^odecanou.. t-butyi pe„>xy J^exanoate, di(4^ 
<VC.ot.exy,) percxydicartonato, ,-Wy, peroxypivalate. decanoy, pe roxKte 
Huroyl paoxide. ^ p^ ^^.^ 

P^lperoxydkatonate, t^y, perexyneodecanoale and 
peroxyacetate. 

30. The medical device of daim 25 wherein said initiator is 
azobis(isobutyronitrile). 

31. ^^^ofda^s^^^^^ 
tjroup consist*, of .thylene olycol dmelhacylate. dietylene 8 (ycol 
«me.hacn«e,^en*o^ dh » th ac^ 

dimethacrylate. 



3Z ^^de^ofda^^wher.in^^^i,^^ 

dimethacrylate. 



33. Th^d^^^^^^^ a 

monomer represented by the formula 
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0 

// 

c 



ORa 



H 



H 



wherein Rt is selected from the group consisting of hydrogen and C m alkyl, and 
R2 is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C i-e hydroxyalkyt, C 4.12 hydroxyalkoxyalkyl. C 4.12 
hydroxydialkoxyalkyt, C m 2 alkoxyalkyl, C 3-, 2 polyalkoxyalkyl, C W s 
polyalkoxyhydroxyalkyJ and C 2-12 dihydroxyalkyt. 

34. The medical device of daim 25 wherein said hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethyl methacrylate, 
hydroxyethoxyethyl methacrylate, hydroxydiethoxyethyl methacrylate, 
methoxyethyl methacrylate, methoxyethoxyethyl methacrylate, 
methoxydiethoxyethyl methacrylate, polyethylene glycol) methacrylate, 
methoxy^>oly(ethylene glycol) methacrylate, methacrylic acid, sodium 
methacrylate. glycerol methacrylate, hydroxypropyl methacrylate, and 
hydroxybutyi methacrylate. 

35. The medical device of claim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate. 



44 



WO 00/34804 



PCT/US99/26678 



36. The medical device of daim 25 wherein said high refractive index monomer 
is a monomer represented by one of the formulas 



0 Or. 

Ra OR4 R, C 



C 

\\ 11 



R4 



H H 

/ \ 
R4 H 

wherein Rs is selected from the group consisting of hydrogen and C 14 alky!, R4 
is selected from the group consisting of C ms aryl, C ms hydroxyaryl, C e-a 
aryloxyaryt, C iws polyhydroxyaryl, C iwspolyaryl, C *is arylalkyl, C 12^6 
polyarylalkyl, , C e-is alkoxyaryl, C e-is aryl halides, C e-is aryioxyalkyl, C 1.7 alkyt 
halides, C e-is arylthioalkyl, C 6-15 aryioxyalkyl halides and C e-is 
aryloxyalkoxyalkyl, and Rs is selected from the group consisting of hydrogen, 
C i-3 alkyl and C e-is alkylaryl. 



37. The medical device of claim 25 wherein said high refractive index monomer 
is selected from the group consisting of phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenyiethyl 
methacrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, 
phenylthioethyl acrylate, phenyKhioethyi methacrylate, 2,4,6-tribromophenyl 
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aaylate, 2,4,6-uibromophenyl methacrylate Den,*h™^ 

>" «»W 2-phenoxyrthoiwhyt melhaayiate Nh*^ 

m9 ^'*. nwB)ae( ^ 
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38. The medical device of daim 25 wherein said high refractive index monomer 
and said hydrophilic monomer comprise at least about 70 percent by weight of 
said composition. 

39. The medical device of claim 25 wherein said high refractive index monomer 
and said hydrophilic monomer comprise approximately 75 percent by weight 
of said composition. 

40. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is phenyl 
methacryiate. 

41. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is benzyl 
acrylate. 

42. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is benzyl 
methacryiate. 

43. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyt methacrylate and said high refractive index monomer is 2- 
phenylethyl acrylate. 
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44. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyi methacrytate and said high refractive index monomer is 2* 
phenylethyl methacrytate. 



45. The medical device of claim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenoxyethyl acrylate. 



46. The medical device of claim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyt methacrylate and said high refractive index monomer is 2* 
phenoxyethyl methacrylate. 



47. The medical device of claim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyi methacrylate and said high refractive index monomer is U- 
benzyl methacrylamide. 



48. The medical device of claim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is N- 
vinyicarbazole. 



49. An intraocular lens manufactured from a composition comprising: 
a high refractive index monomer; 
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ahydrop^^ 

that of said high refractive index monomer; 
a crosslinker; and 
an initiator; 

ultraviolet light absorbing material. 
51. The intraocular (ens of claim 49 ufterein said composition indude$ an 

■^^xyprc^jpnenyo^^ 2^-Bu^^ 

Bu^^^Ma-^haayMowrcpcxy,^^ 
chlorobenzotriazole. 
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52. The intraowfar lens of claim 49 wherein said composition includes beta-<4- 
benzotriazoy^yclroxyphenoxy)-ethyl acrylate as an ultraviolet light 
absorbing material. 



53. The intraocular lens of claim 49 wherein said initiator is selected from the 
group consisting of azobis(isobutyronitrile), 2,2*-azobis(2,4- 
dimethylvaleronitrile), 2,2*-azobis(methylbutyronitrile), 1,1'- 
azobis(cyanocyc!ohexane), di-t-butyl peroxide, dicumyl peroxide, t-butylcumyl 
peroxide, 2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, t- 
butylperoxyneodecanote, t-butyl peroxy 2-ethylhexanoate, di(4-t-butyl 
cyclohexyl) peroxydicarbonate, t-butyl peroxypivalate, decanoyl peroxide, 
lauroyl peroxide, benzoyl peroxide, 2,4-pentanedione peroxide, di(n- 
propyi)peroxydicart>onate, t-amyl peroxyneodecanoate and t-butyl 
peroxyacetate. 

54. The intraocular lens of claim 49 wherein said initiator is 
azobtsOsobutyronitrile). 



55. The intraocular lens of claim 49 wherein said crosslinker is selected from the 
group consisting of ethylene glycol dimethacrylate, diethylene glycol 
dimethacrylate, Methylene glycol dimethacrylate and polyethylene glycol) 
dimethacrylate. 
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56. The intraocular lens of claim 49 wherein said crosslinker is ethylene glycol 
dime thacry late. 

57. The intraocular lens of claim 49 wherein said hydrophilic monomer is a 
monomer represented by the formula 

0 

li 

Ri. A ORa 

II 

wherein R t is selected from the group consisting of hydrogen and C i-e alkyl, and 
Ra is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C n hydroxyalkyl, C 4.12 hydroxyalkoxyalkyl, C «.« 
hydroxydialkoxyalkyl. C 2-12 alkoxyalkyl. C 3.12 polyalkoxyalkyl, C 3.15 
polyalkoxyhydroxyalkyl and C 2.12 dihydroxyalkyl. 

58. The intraocular lens of claim 49 wherein said hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethyl methacrylate, 
hydroxyethoxyethyl methacrylate, hydroxydiethoxyethyl methacrylate, 
methoxyethyl methacrylate, methoxyethoxyethyl methacrylate, 
methoxydiethoxyethyl methacrylate, poly(ethylene glycol) methacrylate, 
methoxy-poly(ethylene glycol) methacrylate, methacrylic add, sodium 
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ojycero, methacryiate. hydroiypropy, methaoyta*. ^ 
hydroxybutyl methacrylate. 



59. ^^'^ofc^^S^n^H^^^^ 
hydroxyethyl methacrylate. 



60. ^'^^cfc.^.^e^^^^^ 
« a monomer represented by one of the fomnjlas 

H H 

\=/ 
/ \ 

wherein Rj is selected from the grow conststinn hut 

»"M> oonsisting of hydrogen and C M alkyl R, 

^ary 1 .C, M poryhy<^,c, w p 0 ^ Cw8ly ^ c _ 

•»«*.. C „ 5 aryMoalkyi. C „, aryioxyalKyl halides and C „, 
ary^^an^.^^^^^^^ 

C m alkyl and C M alkylaryt. 



'••25 
12-36 
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61 . The intraocular lens of claim 49 wherein said high refractive index 
monomer is selected from the group consisting of phenyl acryiate, phenyl 
methacrylate, benzyl acryiate, benzyl methacrylate, 2-phenylethyl acryiate, 2- 
phenylethyl methacrylate, 2-phenoxyethyl acryiate, 2-phenoxyethyl methacrylate, 
phenylthioethyl acryiate, phenyKhioethyl methacrylate, 2,4,6-tribromophenyl 
acryiate, 2,4,6-tribromophenyl methacrylate, pentabromophenyl acryiate, 
pentabromophenyl methacrylate, pentachlorophenyl acryiate, pentachlorophenyl 
methacrylate, 2,3-dibromopropyl acryiate, 2,3-dibromopropyl methacrylate, 2- 
naphthyl acryiate, 2-naphthyl methacrylate, 4-methoxybenzyl acryiate, 4- 
methoxybenzyl methacrylate, 2-oenzyloxyethyl acryiate, 2-benzyloxyethyl 
methacrylate, 4-chlorophenoxyethyl acryiate, 4-chlorophenoxyethyl methacrylate, 
2-phenoxyethoxyethyl acryiate, 2-phenoxyethoxyethyl methacrylate, N-phenyl 
acrylamide, N-phenyl methacrylamide, ^-benzyl acrylamide, rj-benzyl 
methacrylamide, JJ,f4-dibenzyl acrylamide, ftfj-dibenzyl methacrylamide, N- 
diphenylmethyl acrylamide, fJ-<4-methylphenyl)metriyl acrylamide, rj-1-naphthyl 
acrylamide, rj-4-nitrophenyl acrylamide, fJ-<2-phenylethyl) acrysamide, ti- 
triphenylmethyl acrylamide, £H4-hydroxyphenyt) acrylamide, ttU-methylphenyl 
acrylamide, iifj-phenyl phenylethyl acrylamide, M-diphenylmsinyl 
methacrylamide, M-(4-methyl phenyl )methyl methacrylamide, ft-1-naphthyl 
methacrylamide, fJ-4-nitrophenyl methacrylamide, fH2-phenylethyl) 
methacrylamide, fj-triphenylmethyl methacrylamide, fi-(4-hydroxyphenyl) 
methacrylamide, N,N-methylphenyl methacrylamide, N,N;-phenyl phenylethyl 
methacrylamide, Jj-vinylcarbazole, 4-vinylpyridine, 2-vinylpyridine, styrene, 2- 
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cMorosty™. achloro^ 4< hloroStyrare , 2^0^^ ^ 
fromoayren.. 4* D mo«>™», ^chtaostyrene, J^dosOrene, 3. 
Wo*«n.. pen.abromos.yrene, 4-pheny,^ j. 

62. T* In^ ,e„s C a*, 49 w^ in ^ N()h ^ in(fax ^ 
« Mrop* m „ ^ atw| 70 ^ ^ ^ 

of said composition. 

of said composition. 
64. Th. to. „ ^ «, ^ ^ mxmm ^ ^ 

methacrylate. 

«. ^^•^ofc« m 49w t ^^ dhy ^ monomer . s2 _ 
acrylato. 
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66. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrytate and said high refractive index monomer is benzyl 
methacrylate. 



67. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenylethyf acrylate. 

68. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenylethyl methacrylate. 

69. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenoxyethyl acrylate. 

70. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenoxyethyt methacrylate. 



71. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is fj- 
benzyl methacrylamide. 
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72. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is fl. 



vinylcarbazole. 



73. A method of making a hydrogel composition comprising: 

Polymerizing polymerization materials which include a high refractive index 
monomer, a hydrophilic monomer present in an amount greater than that of 
said high refractive index monomer, an initiator and a crosslink** 
whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1.45 or greater. 

74. The method of claim 73 wherein said polymerization materials include an 
ultraviolet light absorbing material. 

75. The method of claim 73 wherein said polymerization materials indude an 
ultraviolet light absorbing material selected from the group consisting of beta- 

(4 ^ > ^^^^ x y^^^ aaylate, ^-acryloxyethoxyK- 
hydroxybenzophenone, 4™thacrytoxy-2^ 
rnethacfyloxy^'^ 2-{2«^ydroxy^. 

methacyloyloxypropy^^^ 
dimethylv,^ 
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Ally!-2Miydroxy-5 , HTiethylprienvl)bertto^ 

(3"^thacrvloytoxypropoxy)phenyl}-5-rra and 2-{3'-tert- 

Butyl-2'^ydroxy-5'-{3'-iTiethacryloyloxypropoxy)phenyl}-5- 

chlorobenzotriazole. 

76. The method of daim 73 wherein said polymerization materials include beta- 
(4-benzotriazoyi^vdroxyphenoxy)-ethy1 acrylate as an ultraviolet light 
absorbing material. 

77. The method of claim 73 wherein said initiator is selected from the group 
consisting of azobisfisobutvronitrile), 2,2 > -azotH's<2,4-dimethylvaleronitJile), 
2,2*-azobis(methylbutyronitrile), 1,r-azobis(cyanocyc!ohexane), di-t-butyl 
peroxide, dicumyl peroxide, t-butylcumyl peroxide, 2,5-dimethyl-2,5-bis(2- 
ethylhexanoylperoxy)hexane, t-butylperoxyneodecanote, t-butyf peroxy 2- 
ethylnexanoate, di(4-t-butyl cydohexyl) peroxydicarbonate, t-butyl 
peroxypivalate, decanoyl peroxide, lauroyl peroxide, benzoyl peroxide, 2,4- 
pentanedione peroxide, di(n-propyl)peroxydicarbonate, t-amyl 
peroxyneodecanoate and t-butyl peroxyacetate. 

78. The method of daim 73 wherein said initiator is azobis(isobutyronitrile). 
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79 ^^<^3 wh™ Wda ^ 
dimethaoylate. 



re fe»nt«i by the formula 

0 

R '\ C ^ C OR, 

II 

^wefn Ri is selected from the group consisting of hydrogen and C f -a afayi and 
I******** and Chu^ 
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methoxjrethoxyethyl methaaytat , mathoxydiethoxyethyl methaoylate, 
poMethylene glycol) methaoylate, methoxy^jy(ethylene glycol) 
methaoylate, methacryllc add, sodium methaoylate, tfycerol methaoylate, 
hydroxypropyt methaoylate, and hydioxybutyl methaoylate. 

83. The method of daim 73 wherein said hydrophilic monomer is 2-hydroxyethyl 
methaoylate. 

84. ThemethcxlofdaimZSwnereinsaidhighrefra^ 
monomer represented by one of the formulas 



II 9 



H 



11 S or 

C - C 

H H M 

\ = / 
/ \ 
fU H 



wherein * Is seleded from the group consisting of hydrogen and C M alkyl, R, 
is seleded from the group consisting of C «, aryl,C«hydroxyaryl,C« 
a^oxyaryl, C tM5 polyhydroxyaryl, C iwpolyaryl, C w atfalkyl. C 



12-33 
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polyarytalkyl, , C us alkoxyaryt, C e-ts aryl halides, C e-is aryloxyalkyl, C 1.7 alkyl 
halides, C e-is arylthioalkyl, C us aryloxyalkyl halides and C »is 
aryloxyalkoxyalkyl, and Rs is selected from the group consisting of hydrogen, 
C 1.3 alkyl and C 9.15 alkylaryi. 

85. The method of claim 73 wherein said high refractive index monomer is 
selected from the group consisting of phenyl acryiate, phenyl methacrylate, 
benzyl acryiate, benzyl methacrylate, 2-phenylethyl acryiate, 2-phenylethyl 
methacrylate, 2-phenoxyethyl acryiate, 2-phenoxyethyl methacrylate, 
phenylthioethyl acryiate, phenylthioethyl methacrylate, 2,4,6-tribromophenyl 
acryiate, 2.4,6-tribromophenyl methacrylate. pentabromophenyl acryiate, 
pentabromophenyl methacrylate, pentachlorophenyl acryiate, pentachlorophenyl 
methacrylate, 2,3-dibromopropyl acryiate, 2,3-dibromopropyl methacrylate, 2- 
naphthyl acryiate, 2-naphthyl methacrylate, 4-methoxybenzyl acryiate, 4- 
methoxybenzyl methacrylate, 2-benzyloxyethyl acryiate, 2-benzytoxyethyl 
methacrylate, 4-chlorophenoxyethyl acryiate, 4-chlorophenoxyethyl methacrylate, 
2-phenoxyethoxyethyl acryiate, 2-phenoxyethoxyethyl methaaylate, Ji-phenyl 
acrylamide, il-phenyl methacrylamkje, tf-oenzyl acrylamide, fi-benzyl 
methacrylamide, £l,ls|-dibenzyl acrylamide, ftN-dibenzyl methacrylamide, &- 
diphenylmethyl acrylamide, M-(4-methylphenyl)methyl acrylamide, iJ-1-naphthyl 
acrylamide, H-4-nitrophenyl acrylamide, fH2-phenylethyl) acrylamide, ft- 
triphenylmethyl acrylamide, N-(4-hydroxyphenyl) acrylamide, ItM-methylphenyl 
acrylamide, N,N-phenyl phenylethyl acrylamide, ^-diphenylmethyl 
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88- A meKxa of makln„ an intraocutar tens *„„ , 
comprising: 

lathing a hydrogel composition, polymerized frnm ™, 

Hwiymenzed from polymerization materials 

'"eluding a high refractive incte* 

cuveindexmonomer, ahydrWfernonomerpre^ 



in 
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an amount greater than that of said high refractive Index monomer, an initiator 
and a crosslinker, into the form of an intraocular lens; 
whereby said intraocular lens has a water content of approximately 5 to 30 
percent by weight and a refractive index of approximately 1.45 or greater. 

89. The method of claim 88 wherein said polymerization materials include an 
ultraviolet light absorbing material. 

90. The method of daim 88 wherein said polymerization materials include an 
ultraviolet fight absorbing material selected from the group consisting of beta- 
(44>enzotriazoyl-34iydroxyphenoxy)ethyl acrylate, 4^2-acrytoxyethoxy)-2- 
hydroxybenzophenone, 4-methacryloxy-2-hydroxybenzophenone, 2-<2*- 
rnethacryloxy^'wnethylphenyljbenzotriazole, 2-(2 J -hydroxy-5'- 
nretha«yc*yethylphenyl)-2H-ben^ 

niethacvtoytoxyprcpyl)phe^ 2-<3'-tert-ButyK5'-<3- 
dimethyh^silylpropoxy)-?^*^ 2-(3'- 
Al^^ydroxy^'^thylphenyljbenzotriazole, 2-{3 , -tert-Butyl-2 J -nydroxy-5'- 
(3^rr*thacryloyloxypropoxy)phentf and 2-{3 , -tert- 

Butyl-2'^ydroxy^X3'^thacryloylox>prcix)xy)p^enyf}^ 
chlorobenzotriazole. 
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91. The methoo of daim 88 wherein said polymerization materials indude beta- 
(^nzoWazoyl^raxypr^ acrylate as an ultraviolet light 

absorbing material. 



92.The method of daim 88 wherein said initiator is selected from the group 
consisting of azc«s(isobutyronitnle), 2,2*-a20Ws(2,4^r^^ 
2,2*-azobis(methylbutyr^ 1 J^ycyamydohexane), di-t-outyl 
peroxide, cficumyl peroxide, t-butylcumyl peroxide. 2,S<limethyl-2, W>is(2. 
ethvlhexanoylperoxyjhexane, t^peroxyneodecanote, t-butyl peroxy 2- 
ethylhexanoate, di(4-t-butyl cydohexyl) peroxydicarbonate, t-butyl 
peroxypivalate, decanoyl peroxide, lauroyl peroxide, benzoyl peroxide, 2,4- 
pentanedtone peroxide, difr^yQperoxydicarbonate, t^myj 
peroxyneodecanoate and t-butyl peroxyacetate. 

».The method of daim 88 wherein said initiator is a^sCBobutyronitriie) . 

M.The method of daim 88 wherein said crossiinker is selected from the group 
consisting of ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, 
tnethyfene O lycol dimethacrylate and ^(ethylene glycol) dimethacrylate. 

5. The method of daim 88 wherein said crossiinker is ethylene glycol 
dimethacrylate. 
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96. The method of claim 88 wherein said hydrophilic monomer is a monomer 
represented by the formula 

0 

II 

Ri. X OR* 

II 



wherein R, is selected from the group consisting of hydrogen and C M alkyl and 
R* is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C M hydroxyalkyl, C 4.12 hydroxyalkoxyalkyl, C , 
hydroxydiaJtexyalkyl, C ^ alkoxyalkyl, C M2 polyalkoxyafkyl, C 
polyalkoxyhydroxyalkyl, and C *« dihydroxyalkyl. 



4-12 

3-18 



97. The method of daim 88 wherein said hydrophilic monomer is selected from 
the group consisting of 2-hydroxyethyi methacrylate, hydroxyetnoxyethyi 
methacrylate, hydroxydiethoxyethyl methacrylate, methoxyethyl methacrylate, 
methoxyethoxyethyl methacrylate, metrKJxydiethoxyethyl methaoylate, 
Methylene glycol) methacrylate, methoxy^Wethyfene glycol) 
methacrylate, methactylfc acid, sodium methaoylate, glycerol methacrylate, 
hydroxypropyl methacrylate, and hydroxybutyl methacrylate. 

98. ^™thodofdaJm88wr^ 
methacrylate. 



64 



» 

WO 00/34804 



PCT/US99/26678 



99. The method of daim 88 wherein said high refractive index monomer is a 
monomer represented by one of the formulas 




C = C 

/ \ 

wherein Rs is selected from the group consisting of hydrogen and C m alkyl, R* 
is selected from the group consisting of C «-a aryl. C o-a hydroxyaryl, C 
aryloxyaryl, C i 2 -a polyhydroxyaryl, C i*as polyaryl, C a-is arylalkyl, C 12^5 
polyarytelkyl, , C e-is alkoxyaryl, C e-is aryl halides, C e-is aryloxyalkyl, C 1.7 alkyl 
halides, C e-is arylthioalkyl, C us aryloxyalkyl halides and C ms 
arytaxyalkoxyalkyl, and Re is selected from the group consisting of hydrogen, 
C 1-3 alkyl and C «.» alkylaryi. 

100. The method of claim 88 wherein said high refractive index monomer is 
selected from the group consisting of phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenylethyl 
methacrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, 
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P^ma.™^ TOthaay(at . p^,^ ^ penl8W 

naph^ aaytefc, 2-nap^ m8thac ^ Wloxyfcwayl ^ ^ ' 
".e^x**^ n^,,,,, ^ ^^'^ 

mattaciylate, 4-cNorophenoxyethyf aayJate, 4<Morophdnoxjrethyf methaaytata 

methaaylamide, Jifl-dibefByl aayfamide, (m-dfoerayl melhaoylamide * 

M^*™**^ a^. 

methaoylao**, mamac^. 

iM^n* TOIhaoylanlW9 .a^,,.^ 
IHrfpha^, ^a*^, ^4^^ 

mtmylanMt , m ^ ftmm)l 
«— *-* j^,^ ^ 2 

3*,*^, 4^0^, 3. 
"^ostyren., A^os^, ^c^^ ^ 

rod ° ayren9 ' ****«"•. P***™™^, 4-p^ styrane 
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101 . The method of claim 88 wherein said high refractive index monomer and 
said hydrophilic monomer comprise at least about 70 percent by weight of 
said composition. 

102. The method of claim 88 wherein said high refractive index monomer and 
said hydrophilic monomer comprise approximately 75 percent by weight of 
said composition. 

1 03. A method of using an intraocular lens manufactured from a hydrogel 
composition polymerized from polymerization materials including a high 
refractive index monomer, a hydrophilic monomer present in an amount 
greater than that of said high refractive index monomer, an Initiator and a 
crosslinker, having a water content of approximately 5 to 30 percent by 
weight and a refractive index of approximately 1 .45 or greater, comprising: 

placing said intraocular lens within an eye through an incision in the 
cornea of an eye. 

1 04. The method of daim 1 03 wherein said poryrnerization materials include an 
ultraviolet light absorbing material. 

1 05. The method of claim 1 03 wherein said polymerization materials include an 
ultraviolet light absorbing material selected from the group consisting of 
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beta-(4^otria2oy^ydroxyphenoxy)ethy1 aoylate, ^ 
«^xyethoxyh2*yo^^ 4wnethacrytoxy-2- 
hydroxybenzopheoone, 2<* fl *h B e^ 2 . 
(^ydroxy^ethacryoxyethylpl^y,^ 2^*^. 
hydroxy^^ethacyloyloxypropyl^ ^ 
tert-Butyl-5H3^^ 

fnethoxybenzotriazole, 2^r*2^^ 
2 ^*^-2^y^^^ 
methoxyberuotriazole and 2-{3'-tert-Butyl-2^^^ 
rrothacryloyloxypfopoxyjphenylj^ofobenzo^ole. 

106. The method of claim 103 wherein said polymerization materials KX*xfe 
betaK4^tnazoy t ^ xypne ^ ^ fis m ^ 

absorbing material. 



107. The method of daim 103 wherein sak. initiator Us^from.h.sroup 
"n*** «l azobitfaobufrronifrfc,. ^^(a.^^rvaJeronitni.,. 
2 *^«™**>«Y«>^). I.l^^cyanocydohe.cane,, di+buty. 
P«™doe. atam* peroxide. Mu^omy. peroxlo.. 2.5^^2,5^2. 
ethylhexanoylp« wy ) tl e )( an., t-but^peroxyneodecanote, l-butylpe^. 
elrtfhexanoate, diOHHrtyl cydohexyi) peroxydicarbonate. WW* 
peroxypivalaie. decanoy. peroxide, (auroyl peroxide, benzoyl peroxide. 2.4- 
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pentanedione peroxide, di(rH>ropyl)peroxydicartx)nate 1 t*myi 
peroxyneodecanoate and t-butyl peroxyacetate. 



108. The method of claim 103 wherein said initiator is azc*is(isobutyronitriie). 

109. The method of daim 103 wherein said crosslinker is selected from the 
group consisting of ethylene glycol dimethacrylate, diethylene glycol 
dimethacrylate, triethylene glycol dimethacrylate and polyethylene glycol) 
dimethacrylate. 

110. The method of claim 103 wherein said crosslinker Is ethylene glycol 
dimethacrylate. 

111. The method of daim 103 wherein said hydropWlic monorneris a 
monomer represented by the formula 

O 

II 

Ru ORj 

II 

wherein R, is seleded from the group consisting of hydrogen and C „ alkyl and 
R* is selected from the group casting of hydrogen, an alkali metal, an alkaline 
earth metal, C « hydroxyalkyl, C 4.12 hydroxyalkoxyalkyl, C 
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3-15 



<**n th. Oroup coning * 

Mroxyahoxyah,, ^^^^ 

hydraxybutyl methacrylate. 

113. The method of daim 103 HtwQinjajj hy ^ ^ , 2 _ 
hydroxyethyl methacrylate. 



a "wnocner represented by one of the formula. 
0 

'I 0 - 

*\ r ^ c — OR* p II X 
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wherein R» is selected from the group consisting of hydrogen and C 14 alkyt, R4 
is selected from the group consisting of C»asaryt, C «s hydroxyaryl, C •« 
arytaxyaryt, C 12-35 polyhydroxyaryl, C 12-38 polyaryl, C e-is aryialkyl, C 
polyarylalkyi, , C us alkoxyaryl. C e-is aryl halides. C us aryloxyalkyi, C 1.7 alkyi 
halides. C •■is arytthioalkyi, C 9.1s aryloxyalkyi halides and C e-is 
arytoxyalkoxyaikyl, and Rs is selected from the group consisting of hydrogen, 
C 1-3 alkyi and C e-is alkylaryl. 

1 15. The method of daim 103 wherein said high refractive index monomer is 
selected from the group consisting of phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenylethyl 
methacrylate, 2-phenoxyethyi acrylate, 2-phenoxyethyt methacrylate, 
phenytthioethyi acrylate, phenytthioethyl methacrylate, 2,4,&4ribronTophenyi 
acrylate, 2,4,6^brornophenyl methacrylate, pentabromophenyl acrylate, 
pentabrornophenyl methacrylate, perrtachlorophenyl acrylate, pentachlorophenyl 
methacrylate, 2 l 3KSbrcfnopropy1 acrylate, 2,3<iibromopropyl methacrylate, 2- 
naphthyl acrylate, 2-naphthyl methacrylate, 4-methoxybenzyt acrylate, 4- 
methoxybenzyl methacrylate, 2-benzyloxyethyl acrylate, 2-benzyloxyethyl 
methacrylate, 4-chlorophenoxyethyl acrylate, 4-chlorophenoxyethyl methacrylate, 
2-phenoxyethoxyethyl acrylate, 2-phenoxyethoxyethyl methacrylate, B-phenyt 
acrylamide, M-phenyl methacrylamioe, ty-benzyl acrylamide, U-benzyl 
methacrylamide, N,M-diDenzyl acrylamide, NJi-dibenzyl methacryiamide, 
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diphenylmethy .aylamide, ^^nelhylphenyOrnethyt aoyw. ,<de, fl-l-naphthyl 
acrytemide, tM*iitrophenyl acrytemJde, tH2-pnenylethyi) acrytemide. fl- 
Wphenylmethyl acrytemJde, ^^ydroxypnenyO acfytemkto, W^methylphenyl 
acrytemide, EM-phenyl phenytethyl aoyJamide, ^phenylmethyl 
methacrylamide, Methyl phenyl)methyl methaoylamide, B-1-naphthyl 
methacryiamlde, f^trophenyl methacrylamide, M-{2-phenylethyl) 
methacrylamide. fj-triphenylmethyl methacrylamide, iH^ydraxyphenyl) 
methacrylamide, Ul^thylphenyl methaoylamide, -phenyl phenylethyl 
methacrylamide, M-vinylcafbazole, 4-vinylpyridine. 2-vinylpyridine, styrene, 2- 
chlorostyrene, 3^lorostyrene, 4<hlorostyrene, 2-bromostyrene, 3- 
bromostyrene, 4-bromostyrene, 2,6<lichlorostyrene, 2-iodostyrene, 3- 
todostyrene, 4^odostyrene, pentabrcxnostyrene, 4-phenylstyrene, 1- 
vinylnaphthalene, 2-vinylnaphthalene, S^inylarthracene and 4-phenoxystyrene. 

116. The method of daim 103 wherein said high remxtive index monomer 
and said hydrophific monomer comprise at least about 70 percent by vwigrt 
of said composition. 

117. The method of daim 103 wherein said high refractive index monomer 
and said hydrophilic monomer comprise approximately 75 percent by weight 
of said composition. 
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